The method used in a long-continuing study of drugs given as premedication to healthy patients undergoing minor gynaecological operations has been reviewed in order to evaluate the importance of various potential sources of bias. Factors which were found not to have influenced the results, in the context of the standard method used throughout the study, included the subject's body weight and age, and the use of different observers. Those factors which did affect the outcome included the frequency of pre-operative visits of the subject by the observer, the precise nature of the operation performed, and the duration of anaesthesia. These considerations are discussed in the light of the design of similar clinical trials.
The method used in a long-continuing study of drugs given as premedication to healthy patients undergoing minor gynaecological operations has been reviewed in order to evaluate the importance of various potential sources of bias. Factors which were found not to have influenced the results, in the context of the standard method used throughout the study, included the subject's body weight and age, and the use of different observers. Those factors which did affect the outcome included the frequency of pre-operative visits of the subject by the observer, the precise nature of the operation performed, and the duration of anaesthesia. These considerations are discussed in the light of the design of similar clinical trials.
Extended clinical studies necessitate a rigid adherence to a standard method of investigation. This method may have been evolved from a small initial pilot study and its use continued without subsequent re-evaluation. Such is the case in the studies of drugs given before anaesthesia, which have been carried out in association widi this department over the past eight years. The number of patients studied is now in the region of 10,000, and it was felt opportune to framing some aspects of the methodology in detail and also the reliability of such studies in general.
The method consists of an evaluation of the effects of drugs in the pre-operative period (Dundee, Moore and Nicholl, 1962a) , their effect on the subsequent course of methohexitone, nitrousoxide, oxygen anaesthesia (Dundee, Moore and Nicholl, 1962b) and the severity and frequency of emetic sequelae occurring during the first six postoperative hours (Dundee, Nicholl and Moore, 1962.) 
SUMMARY OF METHODS
Drugs to be studied are given by intramuscular injection as routine premedication to fit female patients undergoing minor gynaecological operations. The patients are mainly from one unit in one hospital. The nature of the drug administered is not normally known to the observer; there is no selection as to which patient receives which drug, other than those due to the nature of the operation, and patients are not aware that they are taking part in a clinical study. Each drug, at one dose level, is given to a group of 100 patients consisting of 50 having cervical dilatation plus uterine curettage (D&Q and 50 having curettage alone (Q.
Following drug administration patients are left undisturbed and visited either at 20, 40, 60 and 90 minutes after injection, or seen once between the 60 and 90 minute period. At each visit several subjective and objective observations are recorded. The degree of drowsiness is graded as "good", "fair", "slight" or "nil" according to predetermined criteria. The severity of apprehension is graded as "absent", "slight", "moderate" or "marked", and the occurrence of restlessness or excitement as "marked", "slight" or "nil". Based on these three observations and the general behaviour of the patients, an efficacy score is allocated, ranging from 5 (good sedation, with no apprehension or excitement) to 1 (no sedation with marked apprehension and /or excitement).
The occurrence of persistent pain at the injection site is graded as "marked", "slight" or "nil", and the severity of dizziness as "marked", "slight" or "nil". Emetic effects are recorded as "slight nausea", "marked nausea" or "vomiting". The fall in the systolic pressure related to the premedication is graded as "nil" (0-20 mm Hg), "moderate" (21-40 mm Hg) or "severe" (41+ mm Hg). Pulse rates are classified as "no tachycardia" (under 100 beats/min), "slight tachycardia" (100-120 beats/min), "moderate tachycardia" (121-140 beats/min) and "severe tachycardia" (over 141 btats/min). On these criteria a toxic score is assigned, ranging from 1 (no side effects) to 5 (patient unmanageable or having severe side effects).
For each patient, an "index" reading is made which assesses their state between 60 and 90 minutes after drug administration and the severity of side effects occurring from the time of injection up to that of the final observation.
Anaesthesia is standardized as an induction with mcthoheiitone 1.6 mg/kg followed by nitrous oxide 6 l./min and oxygen 2 L/min with supplementary doses of methohexitone as required. The observations during the course of anaesthesia include the incidence and severity of excitatory phenomena (spontaneous involuntary muscle movements, hypertonus, tremor), respiratory upset (cough, hiccough, laryngospasm), marked respiratory depression (indicating the necessity for assisting ventilation) and hypotensive effects attributed to the anaesthesia. Each administration is graded as 1 (smooth, uncomplicated), 2a (slight upset, not interfering with the conduct of anaesthesia), 2b (slight upset interfering with the course of anaesthesia), 3 (serious difficulties which, if untreated, make surgery impossible or place the patient's life in jeopardy).
At the end of surgery, oxygen is given for 1 minute and, 1 minute later, the patient's condition is assessed as being "awake", "safe" or "unsafe".
Patients are seen 1 hour after the end of operation and the occurrence of vomiting and/or nausea recorded. When nausea and vomiting both occur, this is recorded as vomiting; retching is also recorded as vomiting. The same observations are made 6 hours after operation and the total incidence of emetic sequelae during the first 6 postoperative hours is recorded. The severity of emetic effects is also recorded by a scoring scheme as described in the original publication. Other postoperative sequelae, such as oculogyric crises, hypotension, etc., are noted as they occur. This paper will report statistical analyses which examine sources of potential error due to patient differences (homogeneity of series, etc.), observation differences (detail or index readings), operation differences, and finally the significance of observer and environmental factors. For obvious reasons, the significance of these various factors will be discussed in the order in which they are presented.
HOMOGENEITY OF SERIES WITH RESPECT TO AGE AND BODY WEIGHT
This was tested in 20 groups chosen at random from studies undertaken over a 5-year period. Each group consisted of 100 patients having curettage, of which only 50 required cervical dilatation. Figure 1 shows the distribution of weights in these 2000 patients and although there is the expected "tail" towards the higher weights this is not too marked and more than 95 per cent of patients fall within the range of average ±2 standard deviations. It is interesting to note that the patients will frequently estimate their weight to the nearest half-stone (7 lb., 32 kg) as shown in figure 2. Elimination of patients weighing 89+ kg will reduce the variance and the positive skew in figure 1 and this is recommended in further studies. of the two operation groups are different, the mean and variance of the C series being lower than that of the D&C group. An analysis of variance for the two operative groups separately with relation to age shows that in neither case is there a significant difference between the group means.
Since the total group of 100 will contain 50 from each operation, they are therefore comparable with respect to age.
With relation to weight there is homogeneity of variance throughout and therefore a two-way analysis of variance was done on the data. None of the mean squares was significantly larger than the residual so it can be concluded that there is complete homogeneity of the groups with respect to weight also. Pooling the estimates, it can therefore be said that the weight of a patient admitted to the series has an expectation of 59.12 kg with a standard deviation of 10.13 kg, that is, a coefficient of variation of 17.13 per cent.
SIGNIFICANCE OF SCATTER OF WEIGHTS
The importance of the large coefficient of variation of the weights within a series has to be considered. If two drugs (A, B) are being studied in dosage of a mg and b mg, when given at random to two patients, they form part of a comparison of the drugs at the dose ratio 5 = a/b. Taking the random variation of the body weights into account, the ratio of the doses per unit body weight is a random variable r with an expectation (5 and approximate coefficient of variation of 24.22 per cent. This means that the probability of r lying in the interval d ±O.47<5 is 0.95.
To take a specific example: if 100 patients were given 10 mg of morphine and a further 100 given 100 mg of pethidine, then the intended dose ratio would be 100/10 = 10. Between the two samples there would be 100x100 = 10,000 possible comparisons and in about 9,500 of these the actual dose ratio would be between 5.3:1 and 14.7:1. In round figures this amounts to a difference of between 5 to 1 and 15 to 1 which is the degree of inaccuracy incurred by using the fixed dose regime. The next step is to see whether the magnitude of this scatter is important in clinical practice. This was tested by comparing the effects of pethidine given in fixed dosage with the effects of the same drug given on a weight-related (mg/kg) dosage. In the fixed dosage study, six series, each of 100 patients, received 25, 50, 75, 100, 125 or 150 mg. The weight-related dosage extended from 0.28 mg/kg to 3.4 mg/kg and has been subdivided into 15 groups with a step difference of 0.2 mg. The number of patients in each of these 15 groups was 40-60, except for the uppermost group, in which there were only 28 patients. In the weight-related study each individual series was balanced to contain equal numbers of patients undergoing dilatation plus curettage and curettage only, as in the fixed dose series, and the total number of patients involved was 828. The data were analyzed with respect to one subjective and one objective parameter. The former was the pre-operative incidence of notable (good and fair) drowsiness at 60-90 minutes after administration, while the objective parameter was the incidence of nausea and vomiting during the pre-operative period and the first 6 postoperative hours.
The findings are presented in figure 3 which shows a close correlation between the findings obtained by the two methods of drug administration. The mean efficacy and toxicity scores were treated in the same way and with similar results (fig. 4) . dosage of pethidine. The graphs refer to the incidence at increasing dosage on a weight-related basis. The dots refer to the incidence of effects in groups of 100 patients having a standard dose. The dots are placed to correspond with the weight-related dosage graph by referring them to a mean body weight of 59 kg. These findings show that with the present method of study and selection of patients, the use of fixed doses of drugs, in groups of 100 patients, give results comparable to administration of the drugs on an individual weight-related basis. The practicability of the former method is obvious in relation to blind studies. It is not intended to be critical of workers who have studied the effects of analgesic drugs given in weight-related dosage. The majority of these (Keats, 1956; Beecher, 1957; Swerdlow, Murray and Daw, 1963) were studying postoperative pain relief where the numbers of patients available were much lower than in the present study. It is possible that where small numbers of patients are studied, the weightrelationship of the doses is more critical than with large numbers of available patients.
OBSERVATION DIFFERENCES
The only feature of the pre-operative observation which could not be standardized, for practical reasons, was the time and frequency of visits to the patients. Half the patients were seen at 20, 40, 60 and 90 minutes after drug administration, the remainder having only one visit somewhere between 60 and 90 minutes after injection. Since the "index" reading includes all side effects occurring up to the time of the final observation, one might expect a higher incidence of these to be recorded in patients who were visited frequently. Furthermore, with more frequent visits, the observer may produce a significant placebo response as suggested by Wilson (1962) , with a possible accentuation of the hypnotic and anxiolytic effects of the drug.
The importance of this was examined in 2000 patients, half of these having frequent preoperative visits while the remainder had one single visit. The series was divided into 1000 patients having drugs with a fairly quick onset of action and 1000 having longer-acting drugs with slower onset of action. The findings with each group of 1000 patients were divided into the 500 who had detailed pre-operative observations and the 500 'who had single index readings only. The significance of the differences in the frequency of the various parameters for distribution of scores between the two methods of drug observation was tested using the ordered contingency test with one degree of freedom (Cochran, 1954; Hill, 1967) . This increases the sensitivity of the conventional X 2 method of analysis by taking the ordering of the groups into account. Table HI gives the findings with respect to two desired and two side effects of the drugs. Drowsiness was significantly more marked when patients were visited frequently than when seen only once. The greatest difference between the two methods of observation was the much lower incidence of apprehension or nervousness associated with multiple pre-operative visits to patients. Although dizziness was recorded more often in patients seen on more than one occasion, the difference between detailed and single observations only achieved statistical significance with the "slow onset of action" drugs. The same trend applied to the pre-operative emetic effects but the difference was not statistically significant.
The above trends are reflected in table IV which gives the efficacy and toxicity scores for both methods of drug evaluation. The efficacy of each drug as a premedicant was increased by frequent visits to the patient but this, in turn, resulted in a higher recorded instance of side effects.
The results suggest that frequent visits of the observer act as a placebo, particularly in allaying apprehension. The higher associated incidence of morphine 10 mg; morphine 15 mg; papaveretum 20 mg; dextromoramide 5 mg; dihydromorphinone 10 mg; methadone 10 mg; pentazocine 20 mg; levorphanol 2 mg; oxymorphone 1.5 mg; and a mixture of morphine 10 mg and cydizine 50 mg. Rapid onset group of premedicants. 100 observations with each of the following: pethidine 75 mg; pethidine 100 mg; pethidine 125 mg; diamorphine 5 mg; diamorphine 7.5 mg; dihydrocodeine 50 mg; phenazocine 2 mg; mixtures of pethidine 100 mg with (a) 50 mg cydizine and (b) 2.5 mg perphenazine.
• P<0.05 t P<0.01 t P<0.001. dizziness may be due to disturbing the drowsy patient, or perhaps due to the early postinjection occurrences of this symptom being forgotten 1 hour later. It is obvious that the present practice in which each drug-group contains equal numbers of detailed and non-detailed observations should be continued.
OPERATION FACTORS
In the original description of the method it was pointed out that the incidence of postoperative emetic symptoms was greater in those patients having dilatation and curettage operation than in those having curettage alone. This was the basis for the recommendation that each series should contain equal numbers of patients having each operation. The possibility that this difference in emetic effects could be secondary to the shorter operating (and anaesthetic) time when cervical dilatation was not carried out could not be ruled out in the relatively small number of patients in the pilot study (200 premedicated with atropine 0.6 mg and 200 with pethidine 100 mg). Since the method is very valuable in studying drugs having anti-emetic potential, the importance of both the duration of anaesthesia and the nature of the operation was studied in a retrospective study of 6700 records, which did not include the original 400 cases.
To obtain large enough numbers of patients with different durations of anaesthesia, data were pooled under three types of premedication:
(i) Non-opiate (1900 patients): saline or varying doses of atropine, hyoscine, chlordiazepoxidc, diazepam, cydizine, parenteral barbiturates, trimethobenzamide, lactobutyrate and some barbiturates. (ii) Opiate-low emetic potential (1800 patients): doses of opiates or opiate antiemetic mixtures known to cause less than 45 per cent incidence of postoperative nausea and/or vomiting in completed studies. (iii) Opiate-high emetic potential (3000 patients): doses of opiates known to cause more than 45 per cent incidence of total emetic sequelae. In the initial analysis the incidence of emetic sequelae was recorded according to the duration of anaesthesia in groups differing from one another by 1 minute (range was 2 to 22 minutes). These were later pooled into four groups as shown in table V. These figures show that, over the time intervals studied, there was a progressive increase in emetic sequelae as the duration of anaesthesia increased. The nature and extent of this increase varied with the premedication employed, but there was an increase in nausea and/or vomiting of approximately 100 per cent as anaesthesia was prolonged from 3 to 13 minutes. Obviously such an increase could not be ignored in clinical investigations. Throughout the results there was a persistent but variable difference in the incidence of sequelae with the two operations which was more marked in operations lasting up to or less than 7 minutes. This is seen to some extent in table V but the higher incidence of total emetic sequelae with D&C operation is more obvious from figure 5. Like the increase in emetic sequelae with longer anaesthesia, the difference in the incidence with the two operations cannot be ignored in clinical investigations where the appropriate side effect is being studied. A: Non-opiate premedication. B: Low-emetic opiate premedication. C: High-emetic opiate premedication. Content for above are described in text.
operation was dilatation and currettage. currettage only.
Apart from possibly limiting the number of patients in a series to which the "blind" method of drug administration is applicable, it is feasible to ensure that each drug is studied in equal numbers of patients with each type of operation. Figure 6 shows the scatter of duration of anaesthesia in 6700 patients and demonstrates the difficulties encountered in ensuring a similar distribution of times in each. While it is necessary to calculate the average length of anaesthesia in each series, even a similar mean duration does not imply equal distribution because a few very long cases could compensate for many very short operations. This can be overcome to some extent by eliminating those patients in whom the dura- tion of anaesthesia is excessive and it is suggested that 14 minutes be taken as the upper limit of acceptance. Since minor gynaecological operations are frequently delegated to the most junior beginners, who quickly improve in dexterity (and speed), spreading each study over as long a period as feasible with only a few patients in each druggroup likely to have an inexperienced surgeon, is one method of minimising the effects of differing duration of anaesthesia on the results. This means including a large number of drugs in each box of "blind premedication". By adopting this method, the authors only found one of the 67 series to have a mean duration of anaesthesia differing greatly from that of the series as a whole. This was due to a special effort being made to complete one drug study and was eventually compensated for by increasing the series to 200 patients.
In the course of detailed analyses of postoperative emetic sequelae it became obvious that the figure for the incidence of nausea alone is of limited value, as many patients had nausea and vomiting (recorded as vomiting alone). The most useful data are obtained from incidence of vomiting and total emetic sequelae (as in table V).
REPRODUCIBILITY OF FINDINGS
The progressive nature of these drug studies has only allowed duplication of series of observations with the standard drugs (morphine 10 mg, pethidine 100 mg, atropine 0.6 mg) or a placebo (saline). In the case of papaveretum 20 mg the pre-opcrative study was repeated in view of the explanation, it is dear that very much larger unexpected findings (Loan, Dundee and Clarke, numbers of patients are needed to give a true 1966). Apart from this drug the studies were estimate of the action of non-soporific drugs, parspread over a six-year period and many observers ticularly with regard to non-objective effects, were included. There was extremely dose agreement in the The important pre-operative findings are shown incidence of postoperative emetic sequelae with in table VI. It is seen that there is a reasonable the three drugs when repeat observations were degree of reproducibility of the effects of the possible (table VII) . The only real differences potent analgesics but the actions of the other occurred during the first hour after operation and compounds were less reproducible. This was the inddence for the first 6 postoperative hours particularly noticeable with respect to the fre-appeared to be more reliable, quency and severity of dizziness and apprehenThese findings reveal that observer differences sion, and emphasizes the difficulty of assessing are not likdy to influence the results markedly, these subjective effects. It can be seen, however, particularly when active sedative or analgesic that there was also an appreciable variation in the drugs are studied. They also confirm that groups inddence of such objective signs as emetic effects of 100 patients are adequate to give reproducible and tadiycardia in the different groups pre-results with regard to drug action. Reasons why medicated with saline or atropine. This may be larger numbers are required when relativdy inascribed to observer variation or, less likdy, to active preparations are used are not obvious, but individual patient variation. Irrespective of the this must be borne in mind.
TABLE VI
Percentage incidence of pre-operative effects observed 60-90 minutes after administration of five premedicant drugs, each given to 2-3 series of at least 100 patients. V=vomiting (including retching); N=nausea: when N and V both occur the result is recorded as V.
Number of esses

DISCUSSION
Whilst the findings of this re-evaluation of the method of studying pre-operative drugs apply only to work carried out by the Belfast department in their specific surroundings, many of these are of general interest. They include the importance of standardizing the number of visits paid to patients and taking such matters as the nature and duration of operation into consideration when analyzing results. The findings with drugs given in fixed doses to groups of 100 patients compared with doses given on a mg/kg basis are important. Not only do they validate the findings of data reported from this department, but they also justify the continuance of further double-blind studies with fixed doses. It would be instructive to repeat this study with another opiate and this is currently being done with doses of 5-20 mg morphine.
Each team of investigators has to work within the scope of the available facilities and few have access to the constant patient population available to the present authors. It would appear that such numbers are very necessary for the evaluation of subjective effects. Even with objective findings, there is a great individual variation in response to drugs, and large numbers of patients are needed for a true evaluation of their incidence and severity.
As the title implies, this series was originally designed to evaluate drugs likely to be of use in pre-operative medication. A study of phenothiazines (Dundee et al., 1965a) showed that the method could be useful in the wider field of clinical pharmacology, because it allows the collection of information concerning the subjective effects of drugs in large numbers of patients under strictly comparable conditions. That this is so has since been confirmed for several opiates. The use of this method in evaluating the efficacy of anti-emetics against opiate-induced emesis has also been successfully explored (Dundee et al., 1965b . However, it must not be assumed that because large numbers of patients are available for observation there is therefore no need for careful planning of each individual study and balancing of the series in relation to the differing types of operations and the frequency of observations. Only by rigid adherence to detail can reproducible results be obtained.
